Introduction
Despite the global progress in reducing child mortality over the past few decades, an estimated 5.4 million children under the age of five died in 2017roughly half of those deaths occurred in sub-Saharan Africa. 1 In 2017, the under-five mortality rate in low-income countries was 69 deaths per 1000 live birthsaround 14 times the average rate in high-income countries (5 deaths per 1000 live births). 2 The sustainable development goal's target is to reduce under-five mortality rate to below 25 under-five deaths per 1000 live births at the end of 2030. 3 To reach this target, much effort would be needed in Africa. 4, 5 Even though there has been a global decline in the death rates of under-five children, the probability of a child dying before reaching their 5th birthday remains the highest in sub-Saharan Africa, including Ethiopia. 6 Although various measures have been taken to decrease under-five mortalities, most of the sub-Saharan countries show very high under-five mortality rates. 5 Nonetheless, under-five mortality rate in Ethiopia is still highest. 7 Different studies have been conducted to identify the factors influencing under-five mortality. Risk factors that predicted under-five mortality included maternal education, maternal age, wealth index, educational status, birth order, preceding birth interval, and birth weight. [8] [9] [10] Furthermore, sex of the child, place of delivery and geographical region had an association with increased risk of under-five mortality. [9] [10] [11] Following the publications of EDHS 2016 findings, Ethiopia developed a five-year strategy. The strategy identified and prioritized 39 high impact and cost effective newborn and child survival interventions with key guiding principles for implementation of the strategy including equity and accessibility; community engagement, empowerment and ownership; integration; partnership; efficient use of resources; innovation and use of technology; evidence based decision making; and provision of quality MNCH services. A sustained government and partner's commitment, the Primary Health Care Unit with its home grown innovative Health Extension Program that utilizes the Health Development Army as platform for social mobilization, and strengthened referral and linkage will continue to be the basis for continued gains in newborn and child health. 12 Even though the impact of the intervention reduced under-five mortalities from 67 per 1000 live births to 55 per 1000 live births in 2019, the figure is still very high and needs adjustment. 13 Although different studies have been conducted in Ethiopia with regard to factors associated with under-five mortality, there are shortcomings in the use of all of the nationwide representative data for under-five mortality and consideration of relevant theoretical frameworks developed for developing countries to analyze determinants of under-five mortality. 7 Knowledge of important predictors of under-five mortality by using relevant theoretical framework 14 and nationwide representative data is an important indicator and guide for decision makers to develop relevant intervention strategies. Therefore, this study aimed at exploring the proximate determinants of under-five mortality in Ethiopia using EDHS 2016 data.
Methods

Study Design and Dataset
The dataset used for this study was obtained from 2016 Ethiopian Demographic Health Surveys conducted from January 18, 2016 to June 27, 2016, across the country. The survey was a population-based cross-sectional study and it is available from the MEASURE DHS database at https:// dhsprogram.com/data/available-datasets.cfm. For the surveys, there were two stages. In the first stage, a total of 645 clusters (202 in urban and 443 in rural) were randomly selected proportional to the household size from the sampling strata and in the second stage, 28 households per cluster were selected using systematic random sampling.
During the surveys, a total of 16,650 households were interviewed from 18,008 selected representative households. For individual interview, 16, 583 eligible women were identified from the interviewed households and interviews with 15,683 women aged 15-49 were completed. 7 In this survey, 10,641 children aged 0-5 from women who had given birth during the five years preceding the survey were also interviewed. Thus, for this study 10,641 underfive children were included.
Study Variables Outcome Variable
The outcome variable for this study was the death of under-five children. Thus, all children born within the five years preceding the survey were included in the analysis.
Predictor Variables
The predictor variables for under-five mortality were categorized into three categories based on Mosley 
Statistical Analysis
Bivariate analysis was conducted to assess the association between predictor variables and outcome variable of the study using χ 2 tests. Those predictor variables significantly associated with outcome variable were included in the multivariable logistic regression model in which the odds ratio with 95% confidence intervals was estimated to identify the predictors of under-five mortality in Ethiopia. A p-value less than 0.05 was employed to declare statistical significance.
Results
Distal/Socio-Economic Characteristics of the Study Participants
In this study, approximately two-thirds of children (64.3%) were born to mothers with no education. Concerning the household wealth index, 7241 (68%) children were from households with wealth index of middle income and below. In this study, in approximately four-fifths (78.8%) of households, the head of the household was male. Similarly, four from five children were from rural residence. With respect to the regional distribution of the study participants, Oromia and Somali bore the lion's share (14.9% and 14.1% respectively), whereas, the lowest (4.3%) number of under-five children was recorded in the main capital, Addis Ababa (Table 1) .
Intermediate/Mother's Characteristics
With regard to the birth interval, approximately half (51.6%) of mothers' gave birth with preceding birth intervals of 24-47 months. The remaining 2118 (25%) and 1974 (23.3%) gave birth to child with preceding birth intervals of <24 months and > 47 months, respectively. In this study, close to 90% (9374) of mothers' age at first birth was 15-25 years. With respect to the order of children born into the family, about 37% (3967) of mothers gave birth with the birth order of less than three. In this study, home delivery was predominant in which about 68% (7155) of mothers delivered at home. With regard to ANC follow up, for the great majority of mothers, number of ANC visits was less than four (Table 1) .
Proximal/Child's Characteristics
From a total of 10,461 under-five children, the great majority 97.4% (10, 363) were singletons. With regard to size of child at birth, 9.7% (1025) were smaller than average size and 17.7% (1865) were very small sized children at birth. In this study, male to female child sex ratio was approximately 1:1 ( Table 1) .
Prevalence of Under-Five Mortality in Ethiopia
From a total of 10,641 under-five children included in this study, 635 (6%) died before celebrating their first five years of life. This is approximated to under-five mortality rate of 67 per 1000 live births. Majority of under-five deaths (4.2% and 5.3%) were attributable to uneducated status of mothers and rural residence, respectively (Table 1) . Additionally, significantly higher under-five mortality was recorded among home delivery, frequency of ANC visits < four times, and singleton births ( Table 1) .
Determinants of Under-Five Mortality in Ethiopia
During bivariate regression analysis, four variables from distal, two variables from intermediate, and three variables from proximal characteristics of the study participants were included into multivariate binary logistic regression analysis. These included: maternal education, household wealth index, place of residence, geographical region, preceding birth interval, place of delivery, plurality, size of child at birth and sex of the child. In the final model, place of residence, preceding birth interval, plurality, size of the child at birth, and sex of child showed significant association with under-five mortality. The odds of under-five mortality were higher among children with rural residence compared to children with urban residence (AOR=2.0, [1.20, 3.30], P=0.008). Similarly, the odds of under-five mortality were higher among mothers' who gave birth withpreceding birth intervals of less than 24 months (AOR=2.12, CI= [1.72, 2.61], P<0.000). The odds of under-five mortality were higher for multiple births (AOR=4.74, CI= [3.34, 6.69], P<0.000) compared to singletons. In a similar fashion, the odds of under-five mortality were higher for very small size children at birth (AOR=1.43, CI= [1.10, 1.85], P=0.007). The odds of under-five death were also higher for male children (AOR=1.30, CI= [1.07, 1.57], P<0.008) compared to females ( Table 2 ). The rest of the variables including maternal education, region and place of delivery did not show any significant association with under-five mortality ( Table 2 ).
Discussion
Currently, reducing under-five mortality and promotion of child health care in low income and resource limited settings is emphasized. 8 With the end of the MDG era, the international community agreed on a new frameworkthe Sustainable Development Goals (SDGs) where the target is to end preventable deaths of newborns and children under five years of age. The goal is for all countries to aim to reduce under-five mortality to at least as low as 25 per 1000 live births. 2 In this study, we assessed prevalence and determinants of under-five mortality in Ethiopia, using EDHS 2016 data. The prevalence rate of under-five mortality in this study was approximately 67 per 1000 live births. When compared to other similar studies, this finding is higher by eight under-five deaths per 1000 live births 8 and lower by approximately 17 mortalities per 1000 live births. 2, 9, 15 The explanation for this difference might be due to difference in sample size, study setting and definitions. In this study our sample size was relatively large compared to others and socioeconomic status of the participants in Ethiopia was relatively low.
The most significant predictors identified were, place of residence, preceding birth interval, plurality, size of child at birth and sex of the child. This study found that the odds of under-five mortality were significantly higher for children living in rural setting. This study was consistent with the finding from Nigeria 9 and inconsistent with other findings. 10, 11, 16 The differences can be explained by difference in study design and sample size. In our study we used only one country's data, but the previous studies used larger sample size by including five African countries' survey data in their study.
Similarly, in this study the odds of under-five mortality were significantly higher among children born from mothers with preceding birth interval of less than 24 months. Compared to other similar studies, this finding was consistent with findings from Ethiopia. [17] [18] [19] With regard to plurality, children born as multiple births had higher risk of under-five mortality as compared to singletons. This finding is consistent with other findings using 2011 EDHS data. 19, 20 In relation to size of child at birth, the odds of under-five mortality were higher for very small sized child at birth compared to average sized child at birth. Compared to findings from other settings, this study's findings are consistent with those of a study conducted in India 10, 21 in which the risk of death was higher for small-sized than average-sized babies at birth. With regard to the sex of the child, the odds of underfive mortality were higher for male children compared to female children, in this study. This finding is consistent with studies from other settings. 10, 17, 19 Unlike other studies done so far, 9, 19, 21, 22 maternal education, household wealth index, region and place of delivery were not independently associated with under-five mortality in this study.
Strengths and Weaknesses of the Study
Our study is strong and representative since it used the nationwide survey data with large sample size. Additionally, use of appropriate theoretical framework relevant to developing countries to assess under-five mortality also makes this study strong. Although, this study is not free from limitation since some important variables, as per different literatures, believed to predict under-five mortality are missing. Additionally, the cross-sectional nature of the study design might have introduced recall bias into this study.
Conclusion
The prevalence of under-five mortality is still highest in Ethiopia and it was significantly associated with place of residence, preceding birth interval, plurality, size of child at birth and sex of the child. Thus, special emphasis should be placed on children with rural residence, preceding birth interval of less than 24 months, very small size of the child at birth and male children.
Abbreviations CI, confidence interval; EDHS, Ethiopian Demographic Health Survey; AOR, adjusted hazard ratio; MEASURE DHS, monitoring and evaluation to assess and use results demographic and health surveys; SNNPR, Southern Nations, Nationalities, and Peoples' Region.
Paper Context
Under-five mortality is a global concern in general and in particular in developing nations. It is highest in Ethiopia and the determinant factors have not been exhaustively researched using relevant theoretical frameworks. Better understanding of the determinant factors of under-five mortality is important to develop relevant interventions. We analyzed data of 10,641 under-five children and found that under-five mortality was significantly associated with place of residence, birth interval, plurality, size of child at birth, and sex of the child.
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